Dendrobium is one of the largest genera in the Orchidaceae, of which about 1200 species are distributed widely in the Asia-Pacific region. 1, 2) Owing to the enormous number of species and great diversification of morphological characters, many taxonomic and phylogenetic problems of this genus remain unresolved.
and even be a threat against consumer safety. Therefore, discrimination of Dendrobii Herba is important for quality control. However, it is difficult to identify Dendrobium species from dried stems by traditional methods based on morphological, anatomical and/or chemical analyses [12] [13] [14] because these characteristics are not always useful markers at the species level and often vary depending on growing conditions.
To date, several molecular analytical methods have been applied to identify herbal medicines. 15) For example, DNA sequencing, DNA microarrays, random amplified polymorphic DNA (RAPD), and DNA fingerprinting have been used for identification of Dendrobium species. [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] Unfortunately, these methods have only been applied to a limited number of Dendrobium species, and molecular markers that can be applied more universally to Dendrobium have not been developed. To recognize herbal medicines accurately at the species level, a comprehensive DNA sequence database that covers Dendrobium species potentially used for medicine is desired, and to create such a database, the following conditions are required: (1) precise identification of the plant species, (2) comprehensive data banking of reference sequences for the relevant plant group at the species level, and (3) employment of sequence markers that can discriminate interspecific differences.
We constructed a sequence database of the internal transcribed spacer (ITS)1-5.8S-ITS2 region for 196 Dendrobium species, all of which were identified accurately based on the morphological characters of vegetative and reproductive organs. The database covers most of the Dendrobium species from China and adjacent regions. The sequence readout of ITS1 and ITS2 regions of nuclear ribosomal DNA appeared to contain sufficient variation to discriminate Dendrobium at the interspecific level. 20, 23) In this study, ITS DNA sequenc- ing was applied to identify Dendrobii Herba samples obtained in Chinese markets.
MATERIALS AND METHODS

Sequence Database of ITS Regions of Dendrobium
Many Dendrobium species have synonyms (different scientific names used for a single species). Our taxonomic interpretation is based on Flora of China (http://flora.huh.harvard.edu/china/), and we used the currently accepted names defined by Flora of China. Plant materials were obtained from the living collection of Tsukuba Botanical Garden, National Museum of Nature and Science (TNS). All voucher specimens were deposited at TNS. Genomic DNA was isolated from the fresh leaves or flowers by a DNeasy Plant Mini Kit (QIAGEN, Hamburg, Germany) following the manufacturer's instructions and was used as a template for polymerase chain reaction (PCR) amplification. ITS1-5.8S-ITS2 regions were amplified as described by Hidayat et al. 28) using the primer sets 17SE (ACGAATTCATGGTCCGGTGAAG-TGTTCG) and 26SE (TAGAATTCCCCGGTTCGCTCGC-CGTTAC ) 
DNA Extraction and Sequencing Analysis of Dendrobii Herba Samples
In total, 21 samples of Dendrobii Herba were collected in several herbal markets (Table 1) . Photographs of representative samples are shown in Fig. 2 . Genomic DNA from Dendrobii Herba was isolated by a DNeasy Plant Mini Kit (QIAGEN). The DNA extracted from herbal medicine often is fragmented and difficult to amplify as long deoxynucleotides by PCR. Therefore, we designed an internal primer, DR2 (TCTTCATCGATGCGAGAGCC), located upstream of 26SE (Fig. 1) . Using 1 ng genomic DNA extracted from each sample of Dendrobii Herba as a template, PCR was carried out with 1 U Nova Taq polymerase (SHI-MAZU, Tokyo, Japan), 1.5 ml 17SE primer (10 pmol/ml), 1.5 ml DR2 primer (10 pmol/ml), 10 ml Ampdirect Plus (SHI-MAZU), and 4.9 ml distilled water (total volume 20 ml). PCR conditions were 95°C for 10 min followed by 40 cycles of 94°C for 30 s, 55°C for 1 min, and 72°C for 1 min. By using the primer sets of 17SE and DR2, approximately 400 bp fragments of ITS1-5.8S region were amplified. The PCR products were purified with a High Pure PCR Product Purification Kit (Roche Diagnostics, Tokyo, Japan), and sequenced using a CEQ 8000 system (Beckman Coulter, Fullerton, CA, U.S.A.).
Identification of Dendrobii Herba Samples A homology search using Local BLASTN program in GENETXY software (ver. 10) (Genetyx, Tokyo, Japan) was conducted to identify the samples of Dendrobii Herba.
RESULTS AND DISCUSSION
The results of the basic local alignment search tool (BLAST) search for 21 Dendrobii Herba samples are shown in Table 1 . We defined a sequence identity value of 97% as the minimum value of conspecificity because Xu et al. reported that the intraspecific sequence divergence of Dendrobium is less than 3% in ITS1 and less than 4% in ITS2. 23) For example, the sequence of sample S1 had sequence identity of 99% to D. catenatum, and the species was regarded as the plant source of the sample S1. Sometimes we obtained multiple hits: for example, D. denudans and D. eriiflorum were both possible plant sources for the sample S8. When no entry in the database indicated sequence identity larger than 97%, we selected the sequence of the highest identity as the allied species. For example, three species had sequence identity of 96% to the sample S10. They were considered to be allied species of the sample S10.
For the samples S1-S7, S11, S14-S16, S18, S19, and S21, a single species had high sequence identity and low Evalues (Table 1) . For the samples S8, S9, S17, and S20, multiple species had high sequence identity and low E-values. For these, it was necessary to sequence other regions (e.g., the maturase-encoding gene (matK) of the chloroplast genome) to discriminate the candidate species.
The samples S12 and S13 showed sequence identity of 97% and 91%, respectively, to D. gregulus. Sample S10 showed sequence identity of 96% to D. eriiflorum, D. denudans, and D. hemimelanoglossum. For those samples with a lower identity value than the threshold (97%), we searched further in the GenBank database but found no ITS sequence that exceeded the threshold. We provisionally identified samples S12 and S13 as an allied species to D. gregulus, and sample S10 was an allied species to D. eriiflorum, D. denudans, or D. hemimelanoglossum.
In sample S20, we found it was a mixture of at least three different plant sequences. One was a Dendrobium assigned to D. primulinum or D. polyanthum (100%). One was identified as Hedera (97%), which belongs to Araliaceae. We could not identify the last sequence in either our database or in GenBank. Sample S20 was thus a mixture of Dendrobium, Hedera, and an unidentified plant.
In The primer sets 17SE and 26SE were used to sequence the ITS1-5.8S-ITS2 region of 196 Dendrobium species. The primer sets 17SE and DR2 were used for sequence analysis of herbal samples. In this study, the highest E-value in 21 samples was 2ϫ10
Ϫ133
. Three herbal samples (S10, S12, S13) had no hits with a sequence identity exceeding the threshold value (97%). Most closely related species to the sample are shown as best match species (marked with * ). The herbal sample S20 was contaminated with genus Hedera, Araliaceae (marked with †). 32) one of the principal materials of Dendrobii Herba defined by the Pharmacopoeia of The People's Republic of China, has been accepted as a synonym of D. catenatum by recent taxonomic studies. 33, 34) Thus, we concluded that D. catenatum is one of the most important sources of Dendrobii Herba.
